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His recent work concentrates on the assembly and entry of enveloped viruses, notably retroviruses and hepatitis C virus, and on the engineering of gene delivery vectors derived from pseudotyped lentiviruses. [1] . On the other hand, the binding activity of some bona fide receptors has turned out to be nonessential for virus entry into cells [2] . This indicates that the events governing virus host interactions at the plasma membrane are more complex than initially anticipated. One level of recently appreciated complexity is the observation that productive receptor engagement often leads to patching of receptors by virus particles and triggers movements of extracellular viruses on the cell surface.
Virus movements on the surface can facilitate the transmission of infectious particles between different cell types, or position virions to sites that are particularly proficient for signaling or internalization [3, 4] . Entry of the virus particles then typically proceeds in a stepwise fashion and culminates in the uncoating of the genome from the particle and infection.
Efficient entry is key for viral propagation. It is, however, antagonized by anti-viral defense mechanisms, which decode structural features of viral particles and trigger an conditions provide additional cues and change interchain disulfides in the viral capsid [7] .
Further assistance by yet to be identified host factors is also required to release the viral genomes or the genome-containing capsids into the cytosol.
Crystal Moyer and Glen Nemerow discuss how a range of nonenveloped viruses uses distinct cues for their uncoating and membrane penetration. They discuss the singlestranded, positive-sense RNA viruses flock house virus, polio, coxsackie and rhinoviruses, the double-stranded RNA virus reovirus, and the DNA-viruses parvovirus, polyomavirus and adenovirus. Studies with these diverse viruses have uncovered three distinct mechanisms, by which these proteins interact with cellular membranes. One virus class functions by exposing an amphipathic alpha helix, for example the adenovirus protein VI, another one has a lipid anchor in the form of a myristoyl group, for example the poliovirus VP4 protein, and the third one appears to employ a catalytic function from a phospholipase, such as the parvoviral VP1 protein. Remarkably, all these strategies are broad enough to allow the viruses to infect many different cell types.
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Conclusions
Proteins that build virus particles often work as ensembles rather than single molecules.
A major challenge for future research is to elucidate how viral proteins cooperate during receptor mediated entry and membrane penetration. Any mechanistic understanding of the underlying cell biological processes will require functional integration of viral factors and cellular effectors in the context of live cells and eventually also in cell-free systems.
The nature of some of the cellular factors is now emerging from various 'omics technologies as well as genome-wide RNA interference screens [8, 9] [10, 11] . In many instances, these host factors control specific organelle properties, such as ion homeostasis, subcellular transport, formation and maintenance of membrane domains and membrane sorting processes [12] . Specific assays for distinct steps in virus entry and accurate assessments of viral entry intermediates coupled to subcellular analyses at high spatial resolution will have to be developed. This is helpful to determine, if particular host functions are directly or indirectly involved in virus entry and infection. The development of cell-free assays to study the role of host factors together with viral proteins will also contribute to clarifying the complexity of virus entry. Eventually, these approaches offer opportunities for new perturbations hopefully smarter than the viruses themselves.
